The TAPR TICC Counter: 
Measuring Trillionths of a Second 
with an Arduino 
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alhe TICC ts an electronic stopwatch that can time events with 60 
picosecond resolution 

a onield" form factor that connects to an Arduino Mega 2560 
aUseful for Time-Nut applications: frequency and stability 
measurements 

aOther possible uses: Radar, Ultrasonics, Stock Car Races??? 
aOpen Source Software and Hardware 

sAvailable as assembled unit from TAPR Real Soon Now 
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aVMleasure clock accuracy and stability over long periods (maybe 
years) 
aExample: Compare Rubidium oscillator against GPS 
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aoeveral approaches, but one of the easiest is to compare pulse- 
per-second signals from the reference and the device under test 
("DUT"). 

aUse a time interval counter to measure the time between 
reference (e.g., GPS) and DUT over a period of time. 

aFrom that data we can learn a lot: 


alf the time difference increases or decreases steadily over time, one 
clock is faster than the other. 


alf the measurements bounce around (and they will), that noise can be 
analyzed to measure the stability of the clocks 
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aWe're measuring the change of phase (rate) over time. 
moeconds per day, or maybe nanoseconds per year 
2A traditional counter's resolution Is limited by its clock speed. 
aAt 1 MHz, 1 microsecond resolution. At 10 MHz, 100 nanoseconds. 
aFaster clock provides more resolution, but how far can you go? 
aFancier counters "interpolate" between clock pulses 
eBest counters can provide 20 picosecond or better resolution. 
aBut it's complex and expensive to get there. 
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Possible Solutions 


HP 5370 HP 53132 HP 5334 
20ps 150ps 2ns 
32 Ibs, 250VA 7.5 lbs, 30W 12 lbs, 50VA 
ebay: $250-500 Ebay: $500-1000 ebay: $100-200 


Can Amateurs Do Better? 


How About... . — 


»60ps resolution 

a2 timestamping channels 
2>100 measurements/second 
2USB connection to host 


ee 2 igs ae Arduino shield 
eed 86'S Saree HOODOO nak Pum ma BIN Te HO Clow 
: aOpen Source hardware and 
software 


ePrice <$200 
2.6 oz, 0.4W 
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aA "timestamping" counter 
eEach input pulse is timed in seconds with 12 decimal places. 
alimer is based on external 10 MHz signal. 
alwo channels, so two devices can be measured independently. 
»Also a "time interval counter" 
aCan measure the time between a pulse on channel A and one on 
channel B, measuring the interval between them. 
acan also measure period, total number of pulses, etc. 
alhe TICC is not a frequency counter — it's designed for pulses, not 
RF. 
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10 MHz Out 


T2-Mini 


10MHz to 1PPS 
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Frequency Difference (Linear residual) 


Averaging window: Per-pixel 


ecoooocoooco 


Cue 


NOs 


Drift (Hz/sec) 
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Po race | Notes Input Freq | Sample Interval 
HPSDR Excalibur + T2Mini HP5065A 10Mhz Reference | 1Hz | 1000s | 4h_———si|s 14400 pts | ~TICC Rev.C 
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Allan Deviation oy(T) 


1s 10s 100s 1000s 10000s 


Po Trace Notes Input Freq | Sample Interval | Duration | Acquired [Instrument] 


HPSDR Excalibur + T2Mini HP5065A 10MhzReference | 1Hz | 1000s | 4h ~———s|s 14400 pts | TICC Rev.C 
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Original Phase Difference (Linear residual) 


Averaging window: Per-pixel 
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Os 4000s 8000s 12000s 16000s 20000s 24000s 28000s 32000s 36000s 40000s 


J Trace | Notes | InputFreq | Sample tnterval | Duration | Acquired | Instrument _| 
60 Hz Mains(Unsaved) | HP5065A | GOHz | 1/60s | 10h 53m 29s | 2352551 pts TICC 
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Frequency Difference (Linear residual) 


Averaging window: Per-pixel 


Drift (Hz/sec) 


-2.88E-8 


Origin 
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J Trace | Notes | InputFreq | Sample tnterval | Duration | Acquired | Instrument __| 
60 Hz Mains(Unsaved) | HP5065A | GOHz — | 1/60s 10h 53m 29s | 2352551 pts TICC 
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Freq (Hz) at 39209s 
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Allan Deviation oy(T) 
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60HzMains(Unsaved) | HP5065A__| 60Hz | 160s | 10h 53m 29s | 2352551 pts 
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Sigma(Tau) 
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Original Phase Difference (Linear residual, zero-based) 


Averaging window: Per-pixel 
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Os 25000s 50000s 75000s 100000s 125000s 150000s 175000s 200000s 225000s 250000s 


| __trace_ | Notes | Sample Interval | Duration | Acquired | __ Instrument __| 


CNS4I GPS Z3816 10 MHz 2d 19h 37m 17s 243437 pts TICC Rev. C 
HP5061A PPS Z3816 10 MHz 2d 19h 37m 17s 243437 pts TICC Rev. C 
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NC 
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NC 


Frequency Difference (Linear residual, zero-based) 


Averaging window: Per-pixel 


Origin Drift (Hz/sec) Drift (Hz/day) 
+1.48E-9 -1.28E-18 -1.11E-13 
+1.58E-12 —5.20E-19 -4.49E-14 
Avg Time (s) Freq (Hz) at 243436s Error 
1 1.000 000 007 +6.64E-9 
z 0.999 999 997 -2.80E-9 
10 1.000 000 001 +1,09E-9 
i 30 1.000 000 000 +1.94E-11 
ry | ' i ry] | i : f 100 1.000 000 000 +3.99E-11 
: 300 1.000 000 000 -1.34E-11 
11 fm iT 1 000 1.000 000 000 +7.60E-12 
al ih 3 000 1.000 000 000 +4,37E-13 
10 000 1.000 000 000 +2,91E-14 


Os 25000s 50000s 75000s 100000s 125000s 150000s 175000s = = 200000s = 225000s 250000s 


|__trace_ | Notes | Sample Interval | Duration | Acquired__| Instrument __| 


CNS4I GPS Z3816 10 MHz 2d 19h 37m 17s 243437 pts TICC Rev. C 
HP5061A PPS Z3816 10 MHz 2d 19h 37m 17s 243437 pts TICC Rev. C 


Allan Deviation Oy(T) 
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|_trace_ | Notes | Sample Interval | Duration | Acquired__|__ Instrument __| 


CNS4I GPS Z3816 10 MHz 2d 19h 37m 17s 243437 pts TICC Rev. C 
HP5061A PPS Z3816 10 MHz 2d 19h 37m 17s 243437 pts TICC Rev. C 
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alom McDermott, N5EG 
aGeorge Byrkit, KOT RV 
aueremy McDermott, NH6Z 
aBruce Raymond, ND8l 
21om Holmes, N8ZM 

2lom Van Baak 

John Miles KE5FX 
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